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Abstract
A hybrid scholarly-research paper on the use of multibeam sonar data in seafloor
mapping and seafloor analysis was written to satisfy Honors Program requirements. Literature
review of multibeam sonar technology explored the improving concept of mapping the seafloor
via acoustic methods. The review also investigated improvements and applications of multibeam
data analysis techniques, which have the ability to map the seafloor as well as characterize the
seafloor by morphology or sediment content. The review then explored previous studies
conducted on the Little River Inlet, SC, finding the inlet to be particularly understudied in the
field of sediment morphology. Three multibeam sonar surveys conducted within the span of 20
months were analyzed to investigate changes in Little River Inlet morphology over time. Two
surveys allowed for an investigation of the effects of Hurricane Matthew on the inlet as well.
Lack of spatial coverage or water flow data for the inlet resulted in inconclusive findings.
Bedform elongation and migration in some areas after Hurricane Matthew suggests elevated
fresh water inputs, although further comprehensive studies are needed to verify and quantify the
theory. While bedform asymmetry suggests a long-term sediment transport seaward, pattern
migration near the inlet’s entrance suggests landward migration over time. Further intensive
surveying and analysis is needed to better understand the Little River Inlet morphology, and how
large storm events can affect inlets of this type.
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Literature Review of Multibeam Bathymetry

The History of Multibeam Analysis
Seafloor mapping has traditionally been used to locate fisheries and safe passages for
boats in various bodies of water. Modern techniques of mapping now allow for far more
comprehensive characterizations of the seafloor, which have practical applications in the
disciplines of marine geology, hydrographics, marine biology, environmental research, fisheries,
and more (Hughes-Clark et al., 1996). Due to difficulties in directly accessing the sea floor for
such measurements, remote acoustic methods using sidescan and multibeam sonars are employed
in underwater surveys. These methods rely on echoes that are reflected or scattered from the
seafloor. The resulting backscatter strength distribution is displayed as an image or mosaic that
can be interpreted to draw conclusions about the seafloor (Rzhanov et al., 2012). This literature
review focuses specifically on the methods involving shallow-water multibeam sonars, which are
able to provide depth and acoustic backscatter data over a large swath of seafloor.
A multibeam sonar system is typically installed on a ship with an accurate Global
Positioning System (GPS). Shallow-water multibeam sonars produce far more soundings and
require far more accurate GPS than deep-water sonar systems (Hughes-Clark et al., 1996). A
sound pulse, called a ping, is transmitted at a constant frequency through the water column down
to the seafloor, where the acoustic wavefront interacts with the inhomogeneous seafloor to create
a backscatter (Fonseca and Mayer, 2007). The wavefront of the ping will usually intersect the
seafloor at an angle and become subject to scattering, redistributing the incident acoustic energy
in multiple directions. The nature of the energy returned to the transducer head on the ship
carries important information about the seafloor morphology and physical properties. For

O’Brien 4
example, it has been found that harder and rougher substrates, such as bedrock and gravel,
produce stronger backscatter signals than softer and smoother substrates, such as clays and silts
(Rzhanov et al., 2012). Using the velocity of sound through water and the time each ping takes to
reflect off the seafloor and reach the transducer head, the depth of the water column can be
calculated.
There are many errors introduced in the use of multibeam sonar. Accurate GPS is
required to have a high resolution for shallow-water surveys. The sonar system and GPS also
need to be synchronized in their timing. For example, a .5-2 s delay in time with respect to the
sonar clock can offset results 3-12 m if the boat is moving at 12 knots (Hughes-Clark et al.,
1996). Sensitivity increases with obliquity as well, so the outer beams on a wide swath may not
be accurate and can require a lot of corrections. Acoustic backscatter is also often influenced by
benthic vegetation, shell cover, or volume scattering (Nitsche et al., 2004). Water column
conditions, such as temperature and salinity, can affect how fast sound will travel through the
water column. Sound Velocity Profiles (SVPs) can be taken regularly throughout the survey to
measure the true water column conditions, and the SVPs can be used to correct the data as well.
Ship motion can contribute to error in acoustic soundings as well (Hughes-Clark et al.,
1996). If the ship rolls, data will be horizontally and vertically displaced from the actual point of
interception. If the ship changes course and has a long period of acceleration, motion sensors in
the transducer head can record false roll, pitch, and heave values. Data can be skewed along all
three axis due to ship attitude—pitch, roll, yaw, and heave (Barnard et al., 2012). Corrections
have to be applied to the data to remove all of these errors.
The first shallow-water multibeam sonars became available in the 1970s, though they
were not generally used because GPS systems were limited. There was also a lack of software
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that could process so much data rapidly at that time (Hughes-Clark et al., 1996). The sonars were
not used for scientific research, but for industrial platform site surveys. By the 1990s, however,
improvements in GPS and software technology lead to the use of multibeam sonar in the
scientific field.
In the 1990s, the shallow-water multibeam backscatter data would be corrected for the
following: 1) the true seafloor slope away from what is assumed to be a flat bottom at the beam
location; 2) small variations in the actual transmit beam pattern from the predicted pattern; 3) the
difference between the apparent grazing angle and that due to the refracted path; 4) any
aspherical focusing (which contributes to the propagation loss of beam energy); 5) local variation
in the seawater attenuation coefficient (i.e. the value representing the true water column
conditions); 6) removal of the Lambertian correction designed to reduce the dynamic range of
the preserved data. Only the backscatter strength values measured between 75 and 15 were
found to be useful for quantitative analysis (Hughes-Clark et al., 1996), so a lot of the data
collected in the 1990s would not have been accurate enough to use. At this point in time, another
major limitation of the resulting data was the appropriate selection of a seawater attenuation
coefficient.
By 1998 the positioning error of GPS was reduced down to about 2 meters (Knaapen,
2005), and by 2012 it was reduced to decimeters (Barnard et al., 2013). By 2006 multibeam
swaths could cover 60 to more than 150 of the seafloor, creating data with spatial errors of less
than 1 meter and vertical errors of < 0.5% of the water depth (Lee et al., 2006). By the year 2012
the multibeam sonar technology had also advanced to enable the imaging of the seafloor with
increased spatial coverage, increased angular resolution (more beams per swath), increased ping
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frequency, increased speed (to 3000 soundings per second), and the potential to measure depths
with resolution of a few centimeters (Barnard et al., 2012).
Improvements in multibeam data collection allow for more comprehensive applications
of multibeam backscatter data to be theorized and tested. It has been noted in several studies that
new models for analysis of multibeam data can provide a more robust glimpse of the seafloor
bottom type and composition (Fonseca and Mayer, 2007; Fonseca et al., 2009; Rzhanov et al.,
2012). The Fonseca and Mayer (2007) study used an approach that uses the angular dependence
of the acoustic return in combination with an established seafloor interaction model and known
physical property inter-relationships to predict seafloor properties. This study adds to the list of
corrections noted previously from the Hughes-Clark et al. (1996) study. It indicates that
backscatter intensities registered by the sonar should be radiometrically corrected, and that each
acoustic sample in a projected coordinate system should be geometrically corrected and
positioned. The study also describes acoustic backscatter more thoroughly than previous studies,
indicating that backscatter is a complex function of acoustic impedance, seafloor roughness, and
sediment volume heterogeneities. An angular range analysis is also described, providing an
acoustic backscatter noise reduction process similar to the amplitude-versus-offset analysis used
by the oil industry to characterize subsurface reservoirs. This method was successfully applied to
multibeam data from Little Bay, New Hampshire.
Similarly, the Fonseca et al. (2009) study specifically strove for a better acoustic analysis
in an attempt to establish a relationship between the seafloor acoustic properties and the surficial
geological and biological characteristics of the seabed of the Stanton Banks in Ireland. To do
this, image processing techniques such as texture analysis were used to segment areas with a
similar backscatter signature. The average angular response for each segmented area was then
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calculated to provide an acoustic characterization for each area. The different segments created
correlated well with bottom photographs, so the study successfully adopted a link between
benthic community structure and substrate type.
The Rzhanov et al. 2012 study builds on previous approaches to analyzing backscatter,
describing a process for the automatic delineation of regions of common seafloor properties
based on all available backscatter information. A patched-based technique was used to average
the angular response for small areas, creating a catalogue of quantitative characterizations for
acoustics facies in backscatter data. It has been proven to obtain results as accurate as those
obtained by a human interpreter. This study created the first cataloging technique for bathymetric
data. As backscatter analysis continues to develop in aptitude and efficacy, it may become more
prominently used in the scientific community as a means to characterize the seafloor.

The Application of Multibeam Sonar Data
Studies almost never solely use multibeam data to draw conclusions about the seafloor.
Images obtained from multibeam data are instead used in conjunction with other types of data,
such as sediment grabs, seafloor photographs, aerial photographs, and water flow information, to
derive more comprehensive conclusions about the seafloor and corresponding marine system.
For example, the Lee et al. (2006) study used multibeam data and sediment grabs to better
understand the submarine landslide-induced tsunamis that occurred in fjords as a result of the
1964 earthquake in Alaska. Images derived from multibeam data were used to identify block
debris, chutes, and gullies related to sediment failures. The sediment grabs revealed that at the
failures there had been sand flows, and a relationship between delta type and failure type was
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created from this information. The conclusions drawn from this study will ideally help predict
where submarine landslides may occur in the future.
The Li and King (2007) study used multibeam data to identify the distribution and
orientation of sand ridges and associated bedforms along the continental shelf near Sable Island,
Scotland. The images derived from multibeam data were used in conjunction with sidescan
surveys, seabed samples, photographs, and resin peels to determine the nature and variation of
the surficial sediment and structures along the sand ridges. By analyzing the asymmetry of the
sand ridges on the shelf, an eastward long-term sand migration pattern was observed. Data
collected before and after a large storm event allowed for a visual interpretation of how a storm
track around the island can alter the way the current pushes sediment. This information will help
predict how Sable Island beaches will respond to different storm events in terms of erosion and
deposition.
The Nitsche et al. (2004) study used multibeam sonar to collect backscatter data of the
Hudson River Estuary. Sidescan, sub-bottom profiling, and bottom sampling data were then
integrated with the multibeam data to show that backscatter patterns can be attributed to spatial
variations in bottom roughness and sediment compaction. This method of seafloor
characterization was physically more thorough than the acoustically-improved methods
discussed in the previous section, however this method would typically be far more expensive
and time-consuming. The Fonseca et al. (2009) study found that the acoustically-improved
analysis methods were in fact accurate, as the derived characterizations correlated well with
bottom photographs. This suggested that a thorough backscatter analysis can eliminate the need
to integrate multibeam data with other types of data for accurate seafloor characterization.
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Multibeam Sonar Data and Sediment Transportation
When a study strives to quantify the transport of sediment in a marine system, it will
require the integration of multibeam data with other types of spatial, geologic, or flow-based
data. For example, the Elias et al. (2006) study used water flow data from an Acoustic Doppler
Current Profiler (ADCP) and multibeam data collect from 1986-2000 to study dominant
sediment transport in the Texel Inlet of the Dutch Wadden Sea. Tidal asymmetry and multibeam
images concluded that there was a net sediment import landward of the inlet, and that erosion
was occurring seaward of the inlet. A quasi real-time simulation of flow and transports through
the inlet was used to identify qualitative transport patterns as well, supplementing the other data.
Another large-scale example is the Goff et al. (2005) study that observed bedforms on the
Massachusetts continental shelf. The observations were made using a combination of multibeam
data, backscatter data, chirp data, and grain-size analysis data from grab samples. The discerned
asymmetric bedforms of various sizes alluded to the fact that short term migration occurred in
small ripple-like bedforms, while long-term migration occurred in the larger superimposed
bedforms.
Other simpler combinations of data have been used previously as well. The Knaapen et
al. (2005) study used images from multibeam data and fixed markers placed on the seafloor
during each survey to track and quantify the migration of bedforms in the North Sea. Shaded
bathymetry profiles were overlaid to determine how far bedform crest positions migrated over
time. Over a span of 12 months the crest patterns of the large dunes were found to be displaced a
short distance compared to dune wavelength. Migration of medium dunes was found to be wellcorrelated with the tides, though the pattern of medium dunes changed significantly over the
year. Unfortunately, inaccuracies in the GPS data prevented the establishment of reliable
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migration rates for ripples and medium dunes. Similarly, the Knaapen (2005) study used filtered
multibeam images and fixed markers to track the migration of bedforms along the Dutch
continental shelf. This study found that bigger bedforms move at slower rates than smaller
bedforms, although this study also had inaccuracies that prevented reliable migration rates from
being established as well. There have been improvements in GPS technology since these studies
were conducted, however, so it is likely that modern multibeam surveys with fixed spatial
references could provide accurate bedform migration rates.
Perhaps the most thoroughly studied coastal region in terms of sediment transport using
multibeam bathymetry is the San Francisco Bay (Barnard et al., 2011; Barnard et al., 2012;
Barnard et al., 2013). This bay is of particular interest because it is one of the most developed
and human-altered estuaries in the world (Barnard et al., 2013). Anthropogenic activities such as
channel dredging, mining, damming, and development in the San Francisco Bay area have been
estimated to have collectively displaced over 200 million m3 of sand over the last century
(Barnard et al., 2012). The Barnard et al. (2011) study was the first study to utilize current
measurements and multibeam data collected 11 years apart in an effort to look at migration of
sand waves within the bay to determine sediment transport. The study found that there was a
significant change in the size and shape of the sand waves between the two surveys. Since
significant alterations of water flow patterns in the San Francisco Bay are unlikely, it was
concluded that changes in the sand waves were likely due to modifications of the sediment
supply.
The Barnard et al. (2012) study built on the previous study by focusing specifically on the
analysis of bedforms at the mouth and inside the San Francisco Bay in an effort to determine
sediment transport directions. The study found that some areas are ebb-dominated and some are
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flood-dominated, so there is not a consistent direction for bedload transport in the system. This
could have serious implications if sand were to be dredged out of the bay.
The Barnard et al. (2013) study used more recently collected multibeam data of higher
resolution for 99.99% of the bedform-covered areas in the San Francisco Bay. The bedform
asymmetry results were compared with a depth-averaged, process-based, coupled wavehydrodynamic-sediment transport numerical model that was calibrated and validated for the
region. The model is an updated version of the model utilized in the Elias et al., (2006) study.
This study was able to determine well-defined, cross-validated sediment transport pathways in
the bay. Utilization and further development of these methods will lead to more effective
sediment management practices worldwide, where urban development has restricted sediment
availability.
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Little River Inlet Analysis

Introduction
Literature Review of the Little River Inlet
The Little River Inlet is an inlet located off of the eastern coast of South Carolina, just
south of the border between North and South Carolina (Figure 1). Located 23 miles northeast of
Myrtle Beach, it is the only inlet between Shallotte Inlet, NC and Georgetown, SC that provides
a means of navigation between the Atlantic Intracoastal Waterway (AIWW) and the Atlantic
Ocean (Chasten and Seabergh, 1992). The inlet plays a vital role in the local economy, as it is a
popular tourist destination for private, recreational, and commercial boating and fishing. Even
though the mouth of the inlet has historically remained around the same location, the inlet’s
channel has drastically changed in curvature and depth since the 1700s (Anders et al., 1990).
While some of the meandering and altering of channel morphology can likely be contributed to
natural causes, the opening of the AIWW in 1936 could have directly affected physical and
geological processes in the inlet (Burroughs, 2008). At several points in the 1970s and 1980s the
depth of the channel of the river decreased to almost 2.5 feet (0.762 m), making navigation by
boat impossible and requiring dredging operations to move sediment out of the way (Seabergh
and Lane, 1977; U.S. Army Corps of Engineers, 1976). To provide stability to the Little River
Inlet, two jetties were constructed by 1984 (Burroughs, 2008).
A U.S. Army Corps of Engineers (USACE) assessment of the jetties’ effects on the Little
River Inlet was conducted in 1992, finding that scouring from jetties was beginning to subside
and that inlet depths were consistently adequate for navigation (Chasten and Seabergh, 1992).
The report recommended that no further dredging of the inlet be performed until needed, and that
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bathymetric surveys be conducted at least once a year to monitor inlet morphology. Since no
further dredging projects have been performed on the Little River Inlet since prior to the 1992
report, it is assumed that the depth of the channel has remained adequate for navigation since
jetty installation.
While shoreline position of the Little River Inlet has been frequently mentioned and
mapped in past literature (Seabergh and Lane, 1977; Anders et al., 1990), studies pertaining to
the sediment morphology of the Little River Inlet are few and far between. In 1976 the USACE
produced an initial draft on expected environmental impacts to the Little River Inlet from the
planned implemented dual jetty system. The findings of the 1976 draft were based on a specific
dual jetty model that was not officially published until a 1977 Final Technical Report from the
same department. The conclusions drawn in the 1977 report were based on a scaled model of the
Little River Inlet system built to conform to a 1974 bathymetric survey (Seabergh and Lane,
1977). It is unfortunately unknown as to what methods were used to obtain the 1974 bathymetric
data (Figure 2). Conclusions in the 1976 environmental report were drawn from the utilization of
biological productivity estimates made within the South Carolina Wildlife and Marine Resources
Department. The proposed jetty model was predicted to temporarily increase turbidity in the inlet
during construction, as well as smother and displace some benthic organisms (U.S. Army Corps
of Engineers, 1976). It was specifically noted that the jetty model would not cause any
significant change to the system’s tidal prism or salinities (Seabergh and Lane, 1977).
The Hubbard et al. (1979) study was published in an effort to help generalize different
types of inlets along the east coast. The study explicitly looked at the Little River Inlet as an
example, labeling it as a transitional inlet with a sand body confined to the throat section of the
inlet (Hubbard et al., 1979). It was concluded that the Little River Inlet has a highly variable
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channel bottom, with dominant megaripples and wave-generated plane laminations.
Unfortunately the study does not mention methodology or even what types of data were used to
draw any of the bathymetric conclusions in the publication, save for the use of aerial photos and
trenches dug on the surrounding beaches.
The next publications on the Little River Inlet did not occur until 1992, when the USACE
first evaluated the overall coastal response to the implemented jetty system. Methods used to
quantify Little River Inlet sediment transport were found to be inconclusive due to the spatial
and temporal variance in sediment transport, although it was noted that the transport is slightly
dominant to the northeast (Chasten, 1992). In contrast, a previous study done on Prince Inlet,
South Carolina, noted that the general South Carolina coast has a longshore transport from the
north (Fitzgerald et al., 1976). Over all, the 1992 study concluded that the jetties have had
minimal erosional or depositional impacts on the adjacent shorelines.
The USACE then assessed the engineering of the overall navigation project (Chasten and
Seabergh, 1992). The assessment analyzed bathymetric data collected from 1979-1989 (Figure 3)
to measure how the Little River Inlet area was responding to the jetty system. The study found
that there were initial scour holes by the jetties and that the ebb flow velocity was stronger by the
western jetty. The assessment concluded that over time the channel was adjusting to a more
centralized location between the jetties, and that the inlet should not be dredged unless necessary
to let the adjustment process continue.
A 2008 memorandum of elevation models for the Myrtle Beach area noted that the
National Oceanic and Atmospheric Administration (NOAA) conducted National Ocean Service
(NOS) hydrographic surveys of the Little River Inlet area in 1971 and 1972, but the data were
not updated or supplemented until 1999 and 2003 when the United States Geological Survey
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(USGS) used sidescan sonar to survey the area (Taylor et al., 2008). Light imaging, Detection
and Ranging (LiDAR) data were collected in 2005, but the memorandum explicitly
recommended further NOS mapping of inland waterways such as the Little River.
The Little River Inlet has not been included in any scientific literature or government
reports since 2008, but periodic surveys have been conducted by the USACE to maintain
accurate navigation knowledge for boaters. General channel condition maps are available on the
USACE website (Figure 4), which are easier to read than regular hydrographic survey maps.
USACE surveying of the Little River Inlet occurred as recently as 10/19/2016.
Bathymetric surveying of the Little River Inlet is becoming more frequent and thorough
as technology in the field progresses, but none of the currently published surveys or reports have
contained detailed and high-resolution bathymetric data that one can achieve with multibeam
sonar. As such, none of the literature or reports have looked at sediment bedform morphology in
the Little River Inlet channel. The purpose of the remainder of this paper is to provide a
preliminary study of changes in sediment bedform morphology before and after a large storm
event.

Little River Inlet Specifications
The Little River Inlet, South Carolina, is an ebb-tide dominant inlet (Hubbard et al.,
1979) located between the undeveloped Waties Island, South Carolina, and Bird Island, North
Carolina (Figure 1). It consists of one main channel and a number of secondary channels. A dual
jetty system was installed at the mouth of the inlet in 1984, which consists of a 3,853 ft (~1174
m) long north jetty and a 3,570 ft (~1088 m) long south jetty (U.S. Army Corps of Engineers,
1976). The jetty design was aimed to keep the inlet entrance stationary at 300 ft (~91.5 m) wide
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and 12 ft (~3.6 m) deep. The inner main channel, which runs about 11,000 ft (~3353 m) between
the Atlantic Ocean and AIWW, was designed to remain at 90 ft (~27 m) wide and 10 ft (~3 m)
deep. Since the jetty installation, it appears that the large shoal at the inlet entrance has migrated
inside the inlet. The shoal is currently centered at 3351’25’’N, 7832’50’’W. On the eastern
side of the shoal, the inlet channel connects to the many creeks of the Bird Island Reserve in the
northeast. As the main channel moves west between Waties Island and Goat Island, the Little
River Inlet becomes the Little River. The Little River then meanders north past Sheephead Creek
and Mink Island, where it connects with the AIWW. The AIWW is connected to the Waccamaw
River and Great Pee Dee River, connecting the Little River to the Yadkin-Pee Dee River Basin
and subjecting it to a potentially large source of fresh water. Historically it has been noted that
the Little River Inlet and Mad Inlet, North Carolina may be connected (Anders et al., 1990), but
this observation was not expanded on in the USACE 1992 reports so it is unknown as to validity
of that theory.
Prior to jetty installation, the Little River Inlet was labelled as a transitional inlet where
waves and tides maintain approximately equal effects and most of the sand occurs in the inlet
throat (Hubbard et al., 1979). Though the shoal has migrated landward it appears that this
description is still relatively fitting. The inlet experiences a diurnal tide with a mean tidal range
of 5 ft (~1.5 m) and significant wave height of 1.8 ft (0.55 m) (Chasten and Seabergh, 1992). The
water is considered to be poikilohaline, meaning the salinity varies greatly with the tides and
biological seasons (U.S. Army Corps of Engineers, 1976). It is usually well-mixed with salinities
ranging from 23.95-32.97 ppt (Seabergh and Lane, 1977).
Previous literature has recorded varying water velocities and tidal prisms, although the
ebb flow has consistently been observed to be dominant (Seabergh and Lane, 1977; Hubbard et
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al., 1979; Chasten and Seabergh, 1992). Measurements collected after jetty installation indicate
that the average ebb tidal prism was 680 million ft3 (~19 million m3), while the average flood
tidal prism was 585 million ft3 (~16.5 million m3) (Chasten and Seabergh, 1992). It was reported
that a Waccamaw River flow gauge near Longs, SC revealed that inflow from the Waccamaw
River and AIWW was a mere 53.6 million ft3 (~1.5 million m3) per tidal cycle, a values
significantly lower than what would be expected from the tidal prism analysis. This suggests that
the ebb tidal flow is greatly affected by other fresh water inputs in the area, such as creeks in the
Bird Island Reserve or ground water sources from the Tuscaloosa, Black Creek, and Pee Dee
(U.S. Army Corps of Engineers, 1976).
Unfortunately there are no known water velocity gauges deployed directly in the Little
River or Little River Inlet. The closest active gauge is in the Waccamaw River near Longs, SC,
so only freshwater flow to the Little River from that one source is measured consistently over
time. It is unknown if water velocity data were collected with the more recent hydrographic
surveys discussed in the previous section. The climate of the region is temperate, with an average
annual precipitation of 50 in (~127 cm) well distributed throughout the year (U. S. Army Corps
of Engineers, 1976).
In terms of Little River Inlet sediment morphology there has been very little mentioned in
previous research. The Hubbard et al. (1979) study found that the bottom of the main channel to
be highly variable, with small megaripples reversing directions with the tide. The USACE 1992
engineering assessment found that there was a naturally deep 20-30 ft (6-9 m) area in the throat
of the inlet that migrated slightly seaward since jetty construction (Chasen and Seabergh, 1992).
These are the only previous conclusions that have been drawn about the sediment morphology of
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the Little River Inlet, however future studies could likely be inconclusive as well due to the
extreme variability in this type of inlet (Hubbard et al., 1979).
This investigation looks at the sediment morphology of the Little River Inlet over three
separate surveys. Two of the surveys were conducted shortly before and after Hurricane
Matthew, a storm system that hit South Carolina from 10/8/2016 to 10/10/2016. The category 5
hurricane was reduced to a category 1 by the time it reached South Carolina. Even though the
winds were under 75 mph Hurricane Matthew reportedly caused severe beach erosion along the
South Carolina coast. The system resulted in so much precipitation to the area that 25 dams were
breached and pervasive flooding occurred along the Great Pee Dee, Little Pee Dee, Waccamaw,
Black, and Lynch Rivers (South Carolina Department of Natural Resources, 2016).
Numerical information specific to the Little River area in regards to the hurricane are
unavailable, however information from nearby stations is available on a South Carolina
Department of Natural Resources (SCDNR) map journal of the event (South Carolina
Department of Natural Resources, 2016). The journal displays interactive maps of data collected
for the event. The highest rainfall recorded over the 3-day event in South Carolina was 17.22 in
(~43.7 cm) in Dillon, South Carolina. The highest rainfalls of the hurricane fell into the Pee Dee
Basin, of which the Little River is a part of. Buck Creek near Longs, SC, received about 10.45 in
(~26.5 cm) of rainfall so it is assumed that the Little River area received a similar amount. The
station at Buck Creek recorded a new water flow record of 4,200 ft3/s (~118 m3/s) on 10/9/2016,
the second day that Hurricane Matthew was affecting the area. The Waccamaw River station
near Longs, SC peaked at 24,300 ft3/s (~688 m3/s) on 10/13/2016, the day after the hurricane left
the area.
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Previous studies only briefly mention the effects that previous hurricanes have had on the
Little River area, mostly noting that each storm event caused significant erosion along the
region’s beach profile lines (Seabergh and Lane, 1977; Chasten and Seabergh, 1992). In terms of
changes to sediment morphology there is even less. Hurricane Hugo, which made landfall just
north of Charleston, South Carolina in 1989, was found to have expanded and deepened the
naturally deep area in the inlet throat mentioned previously (Chasten and Seabergh, 1992). There
have been no other observations pertaining to the effects of large storm events on the sediment
morphology of the Little River Inlet. The goal of this study is to use modern multibeam
bathymetric data to satiate that lack of knowledge.

Methods
Field Data Collection
Little River Inlet multibeam sonar bathymetry data were collected from a total of three
expeditions spanning two years on the Coastal Carolina University Coastal Explorer, a 50-foot
catamaran vessel with an EM 3002 multibeam bathymetric system. The 300 kHz dual sonar
heads of the system were mounted in the middle of the bow of the vessel, and projected a
maximum of 508 soundings arrayed over an arc of 200. The swath width was typically 5-7
times the water depth, and beams were stabilized for pitch and roll movements of the survey
vessel to optimize system performance. Real-time ray bending and attitude compensations were
applied as well. Navigation was by Differential Global Positioning System, providing a
positional accuracy of ± 3m. Sound velocity profiles were periodically applied to the data to
reduce refraction errors, however there was less concern for refraction issues on the outer beams
because the surveys were not overlapping to make a large map.
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Three surveys were conducted to provide serial coverage to monitor temporal change and
the effects of Hurricane Matthew on sediment distribution in the Little River Inlet (Figure 5).
Survey 1 (S1) was conducted on 4/6/2015. It began in the main channel just south of where the
AIWW intersects the Little River, and sampled all the way down past the mouth of the river and
straight out past the jetties into the Atlantic Ocean. Survey 2 (S2) was conducted on 10/4/2016. It
ran a similar transect to that of S1, though the survey was forced to stop just before reaching the
end of the jetties due to rough waves. Survey 3 (S3) was conducted on 11/3/2016, just two weeks
after the Hurricane Matthew moved through the area. This ran a similar transect to that of S1,
only it turned south west after clearing the jetties to run parallel to the coastline of Waties Island.
Each survey followed a general route from the AIWW to the jetties, but they did not consistently
overlap the same exact transect of the Little River Inlet.
It is unknown what time the surveys were conducted relative to the tidal cycle of the
Little River Inlet. Similarly, water velocity data were not collected during the surveys. Each
survey explicitly provides spatial data that can be compared to the other surveys to analyze
trends over time.

Data Analysis
The data were gridded in 0.25-m bins (horizontal), shaded with artificial illumination,
and displayed on Fledermaus software. Bedform regions along each survey were delineated by
hand after careful examination of the bathymetric maps. These regions were then analyzed using
an interactive profile tool normal to the orientation of the bedforms and as close to the center of
the survey as possible. A slope analysis tool was then used to measure parameters such as height,
wavelength (spacing), and flank slopes in a manner similar to that described in the Barnard et al.
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(2013) study of San Francisco Bay sediment transport. No software filters were applied to the
data, however smaller superimposed bedforms (H<.05 m) were disregarded in the quantitative
bedform analysis. The 5-cm height threshold was chosen as a primitive low-pass filter to remove
noise for a more coherent analysis.
For a quantitative analysis, S1 was divided into 7 separate sections of bedform
occurrences. S2 was divided into 8 section and S3 was divided into 7 sections. Each individual
section of the data was profiled and analyzed by hand using a slope analysis tool. For each
section, a maximum, minimum, average, and standard deviation was calculated for each
measured parameter. A slope ratio (Upstream Slope/Downstream Slope) was calculated for each
individual bedform, and the maximum minimum, median, and standard deviation were also
calculated for those data. The slope ratios were calculated to determine average asymmetry of
the bedforms, as done in the Li and King study (2007).
For a qualitative analysis, snapshots of the Fledermaus display of each individual survey,
as well as all possible combinations of the surveys, were taken along the surveys between the
AIWW and jetties. All snapshots of the surveys (unless specified) were taken while facing north
at an angle perpendicular to the 3D image, so as to be looking down on the survey from a 90
angle. Letters A-F in Figures 5-8 were used to help with spatial references for comparisons.
Letter A denotes where the surveys all begin, right where the AIWW and Little River intersect.
Location B is approximately where the main channel of the Dunn Sound feeds into the Little
River, while location C is approximately the southern beach of Goat Island. Letter D denotes the
estimated location of the inlet’s shoal, which resides just northwest of Bird Island. Location E is
where S2 ended due to rough waves, near where the Little River Inlet jetties end. Finally, letter F
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denotes the area in which S1 and S3 significantly diverge in their paths just seaward of the
jetties.
In some locations the surveys would directly overlap so multiple snapshots of each
individual survey would have to be taken. Regions with bedforms were visually analyzed to
identify patterns of bedform slope and wavelength, and those patterns were spatially compared
between surveys to determine if bedform distribution and orientation changed over time. Visual
comparisons between S2 and S3 were especially of interest in order to delineate conclusions
about the effects of Hurricane Matthew on the Little River Inlet morphology.

Results
Table 1 shows basic information regarding the three surveys of the Little River Inlet.
Measured depths ranged from 2.95-10.78 m along all three transects. The greatest maximum
depth occurred in S3 just seaward of the jetties, though the rest of the survey typically displayed
shallower depths than the other surveys. The shaded-relief color multibeam bathymetry of all
three single-track surveys are shown in Figures 6-8. When compared to Figures 2-4, Figures 6-8
demonstrate how much modern multibeam sonar technology is able to improve the resolution of
existing Little River Inlet sea floor maps.
A total of 449 bedforms (H>.05m) were identified in S1. Visual analysis resulted in 7
separate sections of the track. Each section is distinct in the pattern of its bedforms. Table 2 lists
calculations made on each distinct section. Section S1-1 begins at location A, where the survey
begins. The survey is relatively flat, but near the bottom of the curve between B and C there is a
small section of distinct bedforms. This first section constitutes nearly 1/3 of the entire survey,
consisting of merely 17 observed bedforms. An average slope ratio of 0.489 (s=0.250) indicates
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that the bedform lee (seaward) slopes are typically about twice as steep as the stoss (landward)
slopes. This indicates that the bedforms were asymmetrically inclined towards the entrance to the
Atlantic Ocean. Section S1-2 begins as the survey approaches location C, where there is a
constant presence of distinct asymmetric bedforms with longer wavelengths than in S1-1. These
long bedforms occasionally have shorter, smaller bedforms superimposed on them. Bedform
wavelengths increase as the survey continues past C and towards D. S1-3 begins about half way
between C and D, where bedforms are still long but are more symmetric than normal with an
average slope ratio of 0.736 (s=3.673). S1-4 begins at location D, where the average wavelength
is greater than normal (8.992m, s=3.345m) and where the bedforms return to an asymmetric
average slope ratio of 0.42 (s=0.678). As the survey approaches location E small bedforms are
superimposed near the peaks of the long bedforms. S1-5 begins about halfway between D and E,
where the depth increases rapidly into a depression. Bedforms appear almost step-like as the
depth rapidly increases, but at the bottom of the depression the bedforms are much smaller in
both height and wavelength. The depression bottom is almost 5 m deeper than the typical inlet
depth. The depth climbs back up with more typical asymmetric bedforms until just south of E,
where the depth rapidly increases again. This is where S1-6 begins. The increase in depth leads a
distinct hole about 9m deep, which appears to be scoured with almost no ripples present. This
suggests there is a deep hole just landward of the jetty entrance to the Atlantic Ocean. The inlet
then rapidly and markedly becomes nearly 2 m shallower over one bedform. S1-7 begins here,
just south of the hole. The inlet slowly gets shallower with very distinct and somewhat
symmetric bedforms (0.668, s=1.075). The inlet continues to get shallower though there are only
a few small ripples present. Here the seafloor bottom has an almost-grainy look to it, with almost
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no change in height. The depth than gradually increases as the survey moves southeast out into
the Atlantic Ocean.
A total of 709 bedforms (H>0.05m) were identified in S2, and visual analysis resulted in
8 separate sections of the survey. Table 3 lists calculations made on each distinct section. Section
S2-1 begins at location A, where the survey begins. The survey is shallow in this area, with small
ripples with an average slope ratio of 0.845 (s=0.723). S2-2 begins as the depth begins to
increase, revealing a depression on the western side of the survey. Average bedform heights and
wavelengths are smaller here, with the floor appearing almost scoured. S2-3 begins just south of
the depression, about half way between locations A and B. Here there is a distinct, ridge-like
structure that did not produce a profile similar to that of typical bedform structures (Figure 9).
Section S2-4 begins south of the ridge structure, where the sea floor is relatively flat with small,
disoriented ripples. The ripples stay small as the waterway gets shallower. S2-5 begins just east
of location B, where the bottom is very flat with periodic areas of distinct ripples with defined
patterns. Though the ripples in sections 2-5 were small and few, each section had an average
slope ratio slightly greater than 1 (1.053, s=1.590; 1.217, s=6.024; 1.097, s=1.756; 1.064,
s=0.925 respectively). This indicates that in these areas the ripples were asymmetric towards the
stoss side. The bottom morphology is as such until the survey just about reaches location C. S2-6
begins just southwest of C, where there are consecutively many larger bedforms with an average
slope ratio of 0.653 (s=1.005). S2-7 begins directly south of C, where the bedforms suddenly
become nearly twice as long in wavelength. The bedforms are very long and very asymmetrical
towards the lee side. The depth slowly decreases, then rapidly increases halfway between D and
E. The bedforms are step-like with the increase in depth, but get smaller as a deep (~9 m)
depression forms on the eastern side of the survey. S2-8 begins at the deepest part of the
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depression. The bedforms are long and distinct as the inlet becomes shallower. They gradually
get smaller and smaller, when they suddenly have a drastic change in size and orientation (Figure
10). The bedforms get smaller again but then increase in wavelength as the depth rapidly
increases to form a hole about 8 m deep. The bottom of the hole appears to be scoured with few
distinguishable bedforms. The depth then suddenly increases by 2 m over one bedform,
thereafter large, distinct bedforms appear to begin a pattern. The survey ended here, just
landward of the jetty entrance.
A total of 571 bedforms (H>0.05m) were observed in S3, and visual analysis delineated
in 7 separate sections of bedforms. Section S3-1 begins at location A, where the waterway is
shallow and the bottom is flat. The bottom stays relatively flat between A and B with noticeable
ripples occurring few and far between. About 2/3 the way between locations B and C there is a
group of short, patterned bedforms. S3-2 begins at the bottom of the curve just before reaching
C. Here there are fairly large ripples with smaller superimposed bedforms. The smaller bedforms
appear to be much more symmetric than the larger bedforms. S3-3 begins at D, where the
bedforms become longer and asymmetric. There are small ripples superimposed on the tips of
these bedforms as well. S3-4 begins halfway between D and E, where the depth gradually
increases by about 2 m in a depression on the eastern side of the survey. The bedforms are still
very asymmetrical but are smaller than those in the previous section. The bedforms gradually get
longer as the depth begins decreasing. As the survey approaches location E the inlet gets
shallower and flatter, until there is a drastic change in morphology. S3-5 begins at E, where the
new morphology constitutes long, distinct ripples that vary in pattern while the wavelengths
gradually decrease. S3-6 begins just north of F, where the depth rapidly begins to decrease. The
bedforms in this area are visible and have an average slope ratio of 1.024 (s=2.349). The increase
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in depth leads to a deep (~9 m) hole that is elongated and scoured, with few ripples occurring
here. Small ripples appear as the depth begins decreasing again. S3-7 is the segment of S3 that
begins at F and runs parallel to the shore of Waties Island. A total of 12 ripples were counted in
this last 1/3 of the survey. The bottom was mostly flat, with the few distinguishable ripples
having an average slope ratio of 1.582 (s=1.409).
Spatially the surveys could only be compared from location A, where they all begin, to
location E, where S2 ended due to rough waves. Comparisons reveal that over time the
morphology and depth of the Little River Inlet is highly variable. For example, S2 had far more
observed bedforms than the other two surveys, as it had bedforms in regions where the other two
surveys were relatively flat (Figure 11). Other particular areas have distinct differences of
interest.
About halfway between A and B, there is a ridge system in S1 that is small (~50 m long)
but that is prominent and big (~100 m long) in S2, yet nonexistent in S3 (Figure 12). Though the
S1 and S2 survey tracks overlap somewhat in the ridge area, there are no distinct shapes or
patterns that reveal if the ridge-like system has migrated at all over time. Changes in the
morphology of the ridge system may not be visible simply due to a lack of consistent area
coverage.
About 2/3 the way between B and C, all three surveys overlap and have different
morphologies (Figure 13). Though there are bedforms present in the same general areas across
all three sections, the bedforms vary greatly in pattern, size, and group location.
Just southwest of C all three surveys overlap but also fan out a little bit, showing that this
area consistently contains a dense array of bedforms (Figure 14). In some areas the crests and
troughs of visually-similar areas are aligned, while other areas show that bedforms may have
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shifted, migrated, or completely changed shape. This presence of similar and dissimilar bedform
patterns is pervasive through all three surveys until about half way between locations D and E
(Figure 15).
Half way between locations D and E, each survey has a depression of varying degree
(Figure 16). Though the depression occurs approximately at the same location in each survey, the
depression varies in depth and degree of bedform asymmetry. The depth is clearly greatest in S2,
while the bedforms are typically longer in wavelength in S3.
Approximately halfway between the depression and location E, there is an area in S2 and
S3 where the bedform morphology drastically changes (Figure 17). S1 does not share the same
characteristic. The interactive profile tool was used to delineate that there was a 15-20 m spatial
difference between the lines of abrupt change, with the S3 line occurring more seaward than the
S2 profile.
There was a deep (~8 m) hole with a distinct lip at location E, just where S2 ended
(Figure 18). The hole was present in S1 and was observed again in S2, although it was observed
approximately 40 m landward from the S1 location. This hole was not present in S3, although a
deep (~9 m) depression was observed in S3 just north of location F (Figure 8). Due to its location
and elongated nature, the depression observed in S3 does not appear to be related to the hole
observed in S1 and S2, although neither survey overlaps the area to corroborate that assumption.

Discussion
This study utilized modern multibeam sonar technology to investigate changes in
bedform morphology of the Little River Inlet. Three surveys mapped single tracks of the inlet’s
bottom in much greater detail than found in Figures 2-4, allowing for a more exploratory and
geologic examination of the observed sections of the inlet. Each survey consisted of a single
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narrow track, however, so the survey maps are exceedingly limited in ability to provide cohesive
conclusions about the entire inlet’s morphology. A comparison of the three surveys with the
USACE maps in Figure 4 shows that the three surveys likely never covered the deepest parts of
the channel. The comparison also reveals just how inadequately the surveys of this map the
general structure of the Little River Inlet.
Though the surveys leave something to be desired in terms of spatial coverage, some
conclusions could be drawn from comparing the bedforms seen in the tracks over time. For
instance, comparisons of the surveys between the AIWW intersection and south of the middle of
Goat Island reveal that this region is a relatively flat area with moderate variations in depth and
morphology. S1 and S3 displayed flat morphologies with small pockets of bedforms while S2
had many bedforms. In general S3 was shallower than the other two even in the depressions,
indicating that Hurricane Matthew likely redistributed sediment into the Little River Inlet. It is
unknown if there was a storm event shortly before S1, which would affect typical sediment
morphology and thus affect these conclusions. Similarly, due to a lack of sufficient overlapping
coverage, no conclusions can be drawn on the ridge-like morphology found just north of the
Dunn Sound.
Survey comparisons indicate that the region starting south of the middle of Goat Island,
running all the way to the area just seaward of the jetty entrance, is an area typically dominated
by consistent arrays of long, asymmetrically seaward-inclined bedforms. The longer bedforms,
which typically occur between Goat Island and the shoal, often have much smaller bedforms
superimposed on their tips. These superimposed bedforms may have symmetric slopes or even
be landward-inclined. This is likely due to the fact that smaller bedforms are likely to fluctuate
with the tides (Bartholdy et al., 2002). It is unknown what time the surveys were conducted
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relative to the tidal cycle of the Little River Inlet, so that theory is unproven in this study.
Similarly, water velocity data directly from the inlet is not available to assist in the analysis or
show how exactly Hurricane Matthew affected the inlet’s water flow. However, assuming that
the Little River Inlet is an ebb-dominated tidal inlet, it can be assumed that the large bedforms in
this area are influenced by a stronger seaward flow of water. The bedform asymmetry therefore
alludes to a net transport sediment towards the ocean. This observation differs from that of the
Chasten (1992) study, which concluded that sediment transport was slightly dominant to the
northeast. Regardless of sediment transport, the large dunes in the Little River Inlet are likely
only altered by large storm events, while their smaller superimposed bedforms will be reworked
and modified by high-frequency events (Lobo et al., 2000).
Figures 14 and 15 show that the large bedforms in S1 and S2 are, with small occasional
variances, typically the same in size and crest location. There is no distinct migration pattern
visible over this time. The figures show that the large bedforms in S2 and S3, however, differ in
that S3 bedforms are often longer with crests displaced in what appears to be a seaward direction
from the crest positions in S2. This indicates that Hurricane Matthew likely altered the sediment
morphology, although to quantify the effects would require a more thorough crest placement
analysis seen in Knaapen et al. (2005), as well as actual water velocity data from the inlet itself.
Elongated bedforms could possibly be the result of increased flow from the Pee Dee Basin as a
result of the hurricane’s precipitation.
There was a depression noted just north of the right jetty, where the depth was greatest in
S2 and shallowest in S3. After comparing the placements of these observations with the data
displayed in the USACE maps in Figure 4, it is likely that this study’s surveys collected just over
the blue and green boundaries on Figure 4. The perceived depression is likely not a depression at
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all but the sharp slope towards the deepest part of the channel. Regardless, the bedforms are
longer and shallower in S3 than in S2, indicating that Hurricane Matthew affected the region.
Further analysis of the area would be needed to quantify the changes.
An area of drastic change in morphology was observed in S2 and S3 just at the corner of
the right jetty. This drastic change in morphology could be due to the effects the jetty has on the
direction of water flow in the area. S3 was generally shallower and had fewer and larger
bedforms before and after the abrupt change. The line of change migrated an estimated 15-20m
seaward between S2 and S3. This quantity could be a reference for understanding other bedform
migrations throughout the Little River Inlet.
A hole was observed in S1 and S2, located just before S2 ended in the middle of the jetty
entrance. The hole migrated approximately 40m landward between S1 and S2, suggesting that
long-term migration may not in fact be seaward. Further study with broadened spatial coverage
would be needed to investigate. The was apparently filled in due to Hurricane Matthew, as it was
not observed in S3 or in the USACE survey in Figure 4. This hole could possibly be the same
naturally deep hole that was mentioned in the Chasten and Seabergh (1992) report, although
greater coverage of the seafloor would be needed to verify that. S3 did observe a deep hole or
depression just seaward of the jetty entrance, however no other surveys allow for any long-term
conclusions to be made about such a structure.
Over all, no absolute conclusions can be drawn from this study due to the lack of spatial
coverage, as well as a lack of water velocity data. Even if solid conclusions were able to be
delineated from this study, they would likely not hold true in many circumstances because the
bottom of the Little River Inlet is highly variable. Therefore any assumptions or predictions for
the inlet would be difficult to argue and would likely be misleading (Hubbard et al., 1979).
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Perhaps future research could show more promising results. Full spatial coverage of the
inlet would be ideal for future surveys, or at least having a strictly followed single track more
representative of the nature of the inlet. Water velocity data collected directly from the inlet
during the survey or constantly throughout the year would be valuable for better understanding
the water flow and for quantifying sediment migration. Similarly, mapping the Fledermaus
mosaics directly onto an ARC GIS map would eliminate uncertainty in locations and distances.
With those kinds of meticulous data, a plethora of analyses could be used to explore the inlet
morphology more adequately. Crest migration could effectively be calculated using the Knaapen
et al. (2005) or Barnard et al. (2011) methods. A more thorough individual bedform analysis as
displayed in Knaapen (2005). A more thorough bedform analysis could be utilized to create
bedform categories specific to the Little River Inlet, as displayed in the Gonzalez and Eberli
(1997) study. Future analysis should utilize a software-implemented low-pass filter to
appropriately remove noise from the data, as has been done in several previous studies (Knaapen,
2005; Knaapen et al., 2005; Barnard et al., 2013). Future analysis should implement other
sources of data to supplement the conclusions being made. Those other sources could include
survey aerial photographs, sediment grabs, and sidescan sonar. Finally, future analysis could
implement backscatter analyses mentioned in the literature review to study the characteristics of
the inlet’s bottom more thoroughly.

Conclusions
The literature review concludes that there have been tremendous improvements in
multibeam sonar technology over the past few decades. Similarly, there have been improvements
made to the analysis techniques used to process multibeam bathymetry data and associated
backscatter data. Multibeam is becoming more efficient at collecting high-resolution data, and
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these data can now be altered to more accurately reflect the seafloor. Improvements in
backscatter analysis can reduce the need for sidescan sonar data or sediment grabs to analyze
seafloor characteristics.
The literature review of the Little River Inlet reveals that the inlet has rarely appeared in
scientific literature. The United States Army Corps of Engineers thoroughly studied the inlet
when planning a dual jetty system installation project in the 1980s, and again in the 1990s when
the department assessed the success of the jetty system. Since then, the Little River Inlet has not
been thoroughly studied, and its bedform morphology has yet to be studied. This study
investigated the Little River Inlet morphology using multibeam sonar technology in three
surveys. Two of the surveys occurred shortly before and after Hurricane Matthew, 2016,
providing an opportunity to analyze storm effects on inlet morphology.
This study resulted in the analysis of three single-track surveys of the central Little River
Inlet channel. Lack of spatial coverage and water velocity data for the inlet resulted in largely
inconclusive findings. The survey after the hurricane event typically was shallower. The inlet
was visibly variable across all three surveys, with the first half of the channel from the AIWW to
the Atlantic Ocean typically being flat with modest variations in bedform morphology. The
second half of the channel was typically covered with long, distinct bedforms that were
asymmetrical and seaward-inclined. This asymmetry alludes to the likelihood that the ebb tidal
dominance in the area causes a net sediment transport seaward. Comparisons of the surveys
revealed that the long bedforms became elongated and shifted in some areas after Hurricane
Matthew passed through, though further analysis and water flow data would be required to form
more concrete conclusions. Comparisons also revealed that a distinct hole pattern migrated
landward over time before it was filled in by the hurricane. This suggests that the overall inlet
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system is a complex interaction of fresh water input, tidal influences, and jetty influences. In
order to better understand the morphology of the Little River Inlet further cohesive surveys
should be conducted and analyzed appropriately.
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Figures

Figure 1: Little River Inlet, SC. Image was taken on 10/29/2016, retrieved from Google Earth.
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Figure 2: 1974 bathymetric data used to test and create the dual jetty model (Seabergh and Lane,
1977).
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Figure 3: Bathymetric data collected from the Little River Inlet in 1986, digitized using a
CALCOMP 9000 system (Chasten and Seabergh, 1992).
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Figure 4: Most recent USACE bathymetric surveys of the Little River Inlet. Figures provide
channel depth information, as well as information on buoy location. Retrieved from
http://www.sac.usace.army.mil/Missions/Navigation/Hydrographic-Maps/.
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Figure 5: All three surveys overlaying a map of the Little River Inlet. All three surveys begin
where the AIWW intersects the Little River. S1 (4/6/2015) runs from the AIWW through the
jetties and straight out into the Atlantic Ocean. S2 (10/4/2016) runs from the AIWW and stops
towards the end of the jetty system. S3 (11/3/2016) runs from the AIWW through the jetties and
parallel to the shore of Waties Island, ending near Hogs Inlet. Letters A-F signify reference
points for qualitative analysis. Note: survey placement is approximate due to the curvature of
Google Earth mapping and 2D nature of the survey tracks.
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Figure 6: A bathymetric map of S1, conducted on 4/6/2015. Depth ranges from 3.183-9.98 m.
Letters A-F signify reference points for qualitative analysis.
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Figure 7: A bathymetric map of S2, conducted on 10/4/2016. Depth ranges from 3.208-8.86 m.
Letters A-F signify reference points for qualitative analysis.
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Figure 8: A bathymetric map of S3, conducted on 11/3/2016. Depth ranges from 3.021-10.483
m. Letters A-F signify reference points for qualitative analysis.

O’Brien 42

Figure 9: A ridge-like structure observed in S2, halfway between A and B.
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Figure 10: A dramatic change in bedform morphology, observed just northeast of location E of
S2.
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Figure 11: A) All three surveys displayed, revealing differences
in morphology between each survey. S1 and S3 appear to be
flatter in this region. B) S2 is shown, displaying many bedforms
in this area on 10/4/2016, before Hurricane Matthew hit.
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Figure 12: A snapshot of all three surveys approximately half way between locations A and B.
S2 is the furthest to the left, displaying a distinct and long ridge-like morphology. To the right is
S1, which displays only a few small areas of ridge-like morphology towards the left edge of the
survey. S3 is displayed on the very right, revealing a very flat morphology in that area.
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Figure 13: A) S1 about 2/3 between B and C. B) S2 about 2/3 between B and C. C) S3 about 2/3
between B and C.
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Figure 14: A) A display of all three surveys just southwest of location C. All surveys are
labelled. Individual surveys are displayed in B) S1, C) S2, and D) S3.
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Figure 15: A display of all three surveys A) just southeast of location C; B) halfway between
locations C and D; C) just west of location D; D) just south of location D. All surveys are
labelled in each section.
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Figure 16: A depression located approximately halfway between locations D and E in A) S1, B)
S2, and C) S3.
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Figure 17: A) An abrupt change in bedform morphology in S2 just northwest of location E. B)
An abrupt change in bedform morphology in S3 just northwest of location E. C) A horizontal
image (facing north) of S2 and S3. The S3 line of abrupt change occurred at a shallower depth at
a location estimated to be 15-20 m seaward of the line in S2. Both surveys are labelled.

O’Brien 51

S1

S2

Figure 18: A horizontal image (facing southeast) of S1 and S2, where S2 ends at location E. The
southern edge of the hole in S1 was an estimated 40 m seaward of the southern hole edge in S2.
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Tables
Survey

2D Surface (m2)

Min Depth (m)

Max Depth (m)

Mean Depth (m)

Std. Dev.

S1 (4/6/2015)
S2 (10/4/2016)
S3 (11/3/2016)

176,794
109,891
228,342

3.183
3.208
3.021

9.98
8.86
10.483

6.08
5.51
6.08

1.52
0.97
1.27

Table 1: Basic information regarding the three surveys conducted.

Section

Parameter

Minimum

Maximum

Average

Standard Dev.

1
(17)

Height
Wavelength
Slope Ratio

0.05
2.8
0.296

0.43
7.2
1.295

0.308
5.541
0.489

0.102
1.326
0.250

2
(98)

Height
Wavelength
Slope Ratio

0.05
1.3
0.146

0.59
14.3
12.642

0.246
5.838
0.496

0.130
2.525
1.618

3
(46)

Height
Wavelength
Slope Ratio

0.09
1.9
.251

0.45
10.6
24.967

0.249
5.928
0.736

0.093
2.062
3.673

4
(60)

Height
Wavelength
Slope Ratio

0.05
2.9
0.143

0.83
17.9
4.310

0.321
8.922
0.42

0.166
3.345
0.678

5
(54)

Height
Wavelength
Slope Ratio

0.05
1.5
0.156

0.56
17
6.835

0.260
5.544
0.765

0.140
3.478
1.488

6
(101)

Height
Wavelength
Slope Ratio

0.05
1.6
0.212

0.9
8.4
8.258

0.178
3.311
0.668

0.114
1.281
1.075

7
(73)

Height
Wavelength
Slope Ratio

0.06
1.3
0.283

1.1
7.8
3.155

0.222
3.226
0.623

0.134
0.927
0.437

Table 2: Calculations from the 7 sections of the S1 track. Medians were calculated for slope
ratios instead of averages. Numbers in brackets indicate total number of measured bedforms in
the section. Height and wavelength are in meters. Slope Ratio is dimensionless.
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Section

Parameter

Minimum

Maximum

Average

Standard Dev.

1
(48)

Height
Wavelength
Slope Ratio

0.05
2.1
0.239

0.35
7.7
3.704

0.163
4.029
0.845

0.080
1.258
0.723

2
(30)

Height
Wavelength
Slope Ratio

0.05p
1.1
0.370

0.23
5
8.463

0.087
2.780
1.053

0.046
0.970
1.590

3
(31)

Height
Wavelength
Slope Ratio

0.05
0.9
0.412

0.31
7.6
32.657

0.114
2.587
1.217

0.074
1.633
6.024

4
(83)

Height
Wavelength
Slope Ratio

0.05
1.3
0.341

0.4
7.3
8.601

0.050
3.410
1.097

0.069
1.206
1.756

5
(98)

Height
Wavelength
Slope Ratio

0.05
1
0.341

0.47
7.3
4.823

0.103
2.946
1.064

0.077
1.093
0.925

6
(146)

Height
Wavelength
Slope Ratio

0.05
1.6
0.254

0.48
10.6
9.903

0.211
4.71
0.653

0.102
1.666
1.005

7
(116)

Height
Wavelength
Slope Ratio

0.05
2.5
0.020

0.85
21.4
6.420

0.319
8.45
0.613

0.169
3.867
0.985

8
(157)

Height
Wavelength
Slope Ratio

0.05
0.9
0.269

0.39
7.7
20.714

0.141
3.173
0.774

0.086
1.550
1.862

Table 3: Calculations from the 8 sections of the S2 track. Medians were calculated for slope
ratios instead of averages. Numbers in brackets indicate total number of measured bedforms in
the section. Height and wavelength are in meters. Slope Ratio is dimensionless.
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Section

Parameter

Minimum

Maximum

Average

Standard Dev.

1
(82)

Height
Wavelength
Slope Ratio

0.05
1.3
0.171

0.43
8.1
7.977

.125
3.771
0.895

0.079
1.411
1.062

2
(168)

Height
Wavelength
Slope Ratio

0.05
1.8
0.262

0.62
13
6.185

0.275
6.236
0.872

0.131
2.322
0.756

3
(42)

Height
Wavelength
Slope Ratio

0.05
1.779
0.106

0.59
18.8
1.282

0.335
10.388
0.513

0.154
3.919
0.317

4
(85)

Height
Wavelength
Slope Ratio

0.05
1.6
0.078

0.7
14
4.125

0.260
5.758
0.519

0.171
2.649
0.576

5
(96)

Height
Wavelength
Slope Ratio

0.05
1.6
0.191

0.45
8.2
2.280

0.179
3.767
0.754

0.077
1.213
0.419

6
(86)

Height
Wavelength
Slope Ratio

0.05
0.6
0.188

0.75
14.4
16.248

0.134
2.974
1.024

0.097
1.918
2.349

7
(12)

Height
Wavelength
Slope Ratio

0.05
1.4
0.403

0.32
20.5
5.692

0.124
6.758
1.582

0.100
5.629
1.409

Table 4: Calculations from the 7 sections of the S3 track. Medians were calculated for slope
ratios instead of averages. Numbers in brackets indicate total number of measured bedforms in
the section. Height and wavelength are in meters. Slope Ratio is dimensionless.
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